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i^^i^ TATTON ciT i^ ifT r r ATTTRATRD poi;yqi; 



5 This invention relates to radiation curable 

polv(a-olefin) pressure-sensitive adhesive 
compositions. She invention relate, particularly to 
radiation curable poly(«-olefin) pressure-sensiti^ 
adhesive coB«,ositions having improved '^^^^^^^^ 

XO oxidative degradation and -P-^^ -^^^^^^^^n^Hc 
particularly at elevated temperatures, without use of 
^^'ers. and to laminated structures made therefrom. 




IIHrrn^nTmP nf TW, ^essure-sensitive 
A continuing need in the pressure sens 

aver v«l«» »«*«»>i«l P^"' '.^v 

20 medical, ana. ma. J* ^^^^ this balance 

a proper balance of properties, an 

b.«W«n. Of r«bb« A«>«i«» in order to 

low oxidation) . ho»opoly»r. war. ei»mi 
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inert, resistant to plastieiser migration, and 
relatively ineaqpensive. However, they had poor 
cohesive strength and therefore lacked characteristics 
necessary for use at elevated temperatures. 
5 Radiation curing has been frequently used to 

chMBically crosslink the polymeric component of 
adhesives in attempts to increase the cohesive strength 
of coated adhesive films. The results have been 
unsatisfactory because competing crbssliriking and 
10 degradation (chain scission) reactions occur 
simultaneously. i!heref ore, in some PSA systems, 
especially those formulated from polymers containing 
propylene, radiation curing leads to a loss of cohesive 
strength and shear adhesion. 
15 ' Adhesives derived primarily from C. or larger a- 
olefins are well kno^ in tfee art. U.S. Patent Ko. 
3,542,717 describes poly(o-olef in) adhesive 
compositions comprising mixtures of polyolefin 
copolymers derived from olefin monomers with di£f«:s«t 
20 molecular weights (i.e., olf ins having 11-20 carbon 
atoms, and different «-olefins having 4-20 carbon 
atoms). Otoe resulting adhesive h&s high shear and peel 
adhesion at room ;temperature, but at high ten^at^es 
cohesive strength and shear adhesion are unacceptably 
25 low f«f most applications. 

Tj.s/ Patent Ho. 3,SSS,75S acscribes PSA 
polyolef ins suitable for use as single component PSAs 
for surgical tapes that are substantially non- 
allergenic. such adhesives can be made from 
30 homopolymers of the C. to C, «-olef ins or 

interpolymers of C, to C„ --olefins having ^J^^^^ 
vis^ity Of 1.5 to 7.0, a WilUams' plasticity of 0.8 
It :!o> Ld an acetone/heptane soluble fraction of less 
th«» 25% by weight. Tapes made from these 
35 have low Shear adhesions that facilitate non-irritating 
removal from the skin. However, this low shear 



WP 93/11184 



PCTAJS92/08710 



- 3 - 



adhesion is unsuiliable, for axaaqple, for naslciiig or 
packaging tape applications. 

U.S. Patent Nos. 3,954,697 and 4,178,272 describe 
hot-melt adhesives useful for sealing polyethylene 
5 films derived from copolymers of propylene and Cc-Cjo a- 
olefins. The '697 patent teaches tha^ irtiile or a" 
olefin copolymers are permanently tadq^f they have poor 
cohesive strength and consequently laeflc shear adhemion. 
Jk Therefore the higher a-olefins must be copolymeriaed 
10 with propylene in order to meet "the critical property 
requirements for a pressure-sensitive adhesive 
material". One such a property, cohesive strength, is 
discussed in col. I, lines 34-48. The copolymer must 
contain more than 40 mole % propylene, especially if 
15 static shear is to exceed 1000 minutes. The '272 

patent describes- eoB«)o«itions comprising a ZH catalyst 
system and discloses process conditions tts»fal in 
preparing the -tatSky" copolymers requix^ed for PSAs. 
Also disclosed are stereo-regulating three-component ZM 
20 catalyst systems that produce high molecular weight, 
crystalline bio<jlc copolymers unsuitable for PSA 
applications (col. 2, lines 39-65), but are stated to 
be useful in sealing bags, cartons, and on an adhesive 

for floor tiles. 
2B This approach is further advanced in U.S. Patent 

No. 4,288,358 which dsscribas hot-melt adhesive* 
coii«»ositions containing terpolymers of propylene, 
either l-butene or 1-pentene, and C-C,o a-olef ins? 
tadkifying resins; and plasticizing oils, in yet 
30 further efforts to simultaneously optimize the adhesive 
and process properties of these coi^positions. 

While these references teach optimized processing 
conditions for preparation of hot melt adhesives that 
are readily coatable or extrudable at the melt 
3« teiaperature, these aiaterials have poor PSA properties, 
in particular, they have poor adhesion under shear. To 
be useful, high temperature masking tapes used in the 



PCr/l)S92/08710 

W093/11184 r^i/*« 

- 4 - ; 

automotive industry must have good -shear adhesion" at 
elevated temperatures. Attempts to improve these 
propylene containing poly(e-olefin) adhesives of the 
references by radiation crossliTiking have led to a 
5 degradation of PSA properties, such as shear adhesion. 

U.S. Patent Nos. 2,933,480 and 3,933,769 describe 
a process for copolymerizing mixtures of e-ole£ins and 
non-conjugated diolef ins to yield sulfur-vulcanizable 

unsaturated elastomers described as -rubbet-like- or 

10 "ruiabery". ^ , 

U.S. Patent Ho. 4,990,585 discloses hexene^- 
«ethyl-pentene-l random copolymer and process for 
producing the same. The polymer is useful as rubber 
vibration in«ilators, modifiers for plastics and 

15 rubbers and'as adhesives. iw.. .difSive tapes 

U.S. patent Ho. 5,112,882 describes adhesive tapes 
prepared using radiation curable poly («-olef in) 
pr^sure-sensitive adhesive cdiposition. having 
suLrior cohesive .tr«igth «»d adbesicn. The _ 

20 ^ oP^^°-^ tac*i£ier-C^taining co^^^^^ 

n« have desirable peel adhesion, shear 
ability against oxidative degradation at low and 

Briefly, the present i>»»»""» '"'^ " 
r.di.tion-c»r.bl. .-olefin «poly»er <j«po.itio» tl«t 

r^tnUet «« =cPOl,«r the reeoti- 

at— of «hich at 70« hev. 6 to 

10 carbon atoms, and 
2) 9.9 to o.lnole percent of one or more «. 
" ' olefins having 6 to 20 carbon atom, in^ 

at least one methylidyne group (a one carbon 
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containing group having a hydrogen atom on a 
tertiary carbon atom) present in a branched 
or cyclic group of carbon atoms; and 
b) optionally, sufficient photoactive crossliriking 
5 agent to crosslink the composition upon eiqposure 

to actinic radiation. 

After curing, the coi^position provides a pressure- 
sensitive adhesive preferably having peel adhesion of 
35 N/dm or more and cohesive stability at t«»peratureB 
10 above 120-C. The adhesive can be of particular use in 
tapes required for high temperature masking and hot 
melt adhesive applications. 

preferably, the polymer of the present invention 
has a glass transition temperature (Tg) in the range of 
X5 .70.C to ooc, more preferably in the range of -60 to 
20.C, and an inherent viscosity in ^ 
9 0 dl/g, ««• prefrably 0.5 to 6.0 dl/g, and most 
l;:^ 1.5 L 4.0 dl/g. Kumber average ^lecu^ 
Uights of the polymers are in the range of 5,000 to 
20 50,000,000, pref irably 50,000 to 5,000,000. 

The copolymers of the present ^'^.^ 
contain residual ethylenicunsaturation but ^^'^ 
^t side groups bavins readily ^^^"^ 
a^on tertiary carbon atoms that, on radiation, 
25 preferably in the presence of a photoactive 

^sriinklng agent, leads to -"^^^"^^'^^ ^ 
copolymer and thereby i-proved cohesive strength of the 

I^lT. Because ethylenic-unsaturation is not 
adhesive. adhesives prepared 

present in^the c^^^^^ ^ ^^^^^ ^^^^^^ 

30 from them have improved exevaiiBa ^ 

control of P..X »* -»« 
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It is believed that the badkgrbund art does not 
tea^ PSJl eoaqpositioTss con^ising one or »ore poly(e- 
olefin) s which can be copolymers , including 
terpolymers, or tetrapolymers, derived from o-ole£in 
5 monomers containing 6 to 10 carbon atoms and no 

polyenes and optionally further comprising one or more 
photoactive crosslinking agents, the compositions 
having been radiation-cured to yield adhesive filM 
having improved resistance to oxidative degradation as 
10 well as possessing substantial high temperature Shear 
strength. 

The present invention provides an o-olefin 
cbpolyner-containing pressure sensitive adhesive 
eopposition that is radiation curable. The e-olef in 
15 copolymer-containing adhesive composition can be cured 
to yield a PSA adhesive film with an improved balance 
of peel and shear adhesion. The peel and shear 
adhesion values are capable of being varied 
independently to achieve desired values. Adhesive 
20 layers of the invention preferably have peel values 
greater than 35 H/dm anfi resistance to oxidative 
degradation at tea«»eratures up to at least 200»C. 
Radiation curing can be acShieved by ultraviolet or 
electron beam radiation. Wh^e electron beam radiation 
25 is used for curing, no photoactive crosslinking agent 
Is noedede 

•me adhesive of the invMition can be applied to 
appropriate substrate surfaces by a wide range of 
processes, i.e., solution coating, solution sprayii^, 
30 hot-melt extrusion, emulsion coating, etc. , to make 
adhesive tapes, adhesive transfer films, and the lilce. 
Since the polyolef in co»q?osition of the invention is 
free of unsaturation either in the 

penaent groups of the copolymer, the thermal stability 
35 of the coiBpositions is superior to compositions 
containing polyolef ins-having 

gelation during hot melt extrusion of the copolymer 
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soiis>osi1:ion of the invention is mininal or doas not 
occur. 

As used in this invention: 
"a*TOlefin copolyner" means a random polymer 
5 derived from two or more terminal monoethylenically- 
unsaturated monomers; 

"straight-chain o-olef in" means a linear 
hydrocarbon having no brancShing and only one terminal 
ethylenic-unsaturation group and no other functional 
10 groups; 

«a-olef in having at least one methylidyne group 
means a hydrocarbon having only one terminal 
ethylenically-unsaturated group and no other functional 
groups and having pendant to the ethylenically- 
15 unsaturated group, a group having a carbon •^^^^ 
attached to three other carbon atoms and to a hydrogen 

-film- means a layer or a support and a self- 
supporting layer; ,«^«„«^ 
oo ^photoactive erossUnking agant- mear ^ ^ co^oun. 

«hich. under the influence of ridiation, ^^f^ 
polymU Chains and becomes incorporated therein; this 
!L^es the molecular weight of the adhesive and thus 
its cohesive strength without unduly affecting its 
25 eampliance or other PSA properties; 

"actinic radiation" means electromagnetic 
radiation, preferably in the ultraviolet range; and 
"lower alJcyl" means c» to C, alkyl group. 

*™i^radiation.curable e-olef In copolymers of the 
iBventioh preferably have general formula I: 

35 ^-W.^-Wy-^CHj-jC^- ^ 

(CHj). R * 

. ■ I 
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10 



15 



20 



25 



lAereln 

R is hydrogen or a lower alkyl group; 

R> is a monovalent organic group that is £r«te of 

ethylcnic-unsaturation and contains at least 

one 

nethylidyne group, -CH, having 4 to 30, and 

preferably 4 to 18 carbon atoBus, <qBtionally 
containing an oa^en or silicon atom that is 
catenated between carbon atoms, and 
preferably having the structural formulaet 

Q 

in whidh b is an integer having a value of I 
to 5; Q is a connecting linkage selected from 
a single isond, -O- *ind divalent groups 
selected from the group consisting of an 
arylene group having 6 to 

15 carbon atoms and -k-' "l^^** **** ** ^ 



30 



40 



independently a lower aikyl group of l to 4 
carbon atoms or I?; and is a methylidyne 
group-containJ^g group having the structural 
formula: 



35 RS.la 



in which each is independently an allcyl 
group having 1 to 4 carbon atoms or both »?8 
together provide an alkylene group forming 
with the meth^llidyne group to irtiidh it is 
attached a 5- or 6-membered ring of carbon 
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atoms, with the provision that when Q is 
arylene, ean also he methyl or ethyl, and b 
eah ftXso be zero; 
a is an integer having a value of 3 to 7, 
5 inclusive; _ 

X, Y, and ^ numbers designating the relative 
molar amounts of monomer units comprising the 
backbone chain of the copolymer, the sum of (x + y 
+ z) being about 35 to 400,000; z being 1 to 15%, 
10 preferably 2 to 10%, and most preferably 2 tp ^% 

of the sum (X + y + «); Y being 0 to 30% 
sum (X + y + z) , «d X being 64 to 99%, preferably 
90 to 9«%, and most preferably 94 to 98% of the 

sum (X + y + 2) • *«, 
« The copolymers of the invention are prepared by ^ 

" copol^lizLgCe or more straight c^a^^^^ 

oror more methylidyne ^-^^-^ ^^be u^^^^ 
straight chair. t.»clef rns that ean ^^J^ 
to t«. carbon atoms, namely, 1-bexene, 1-heptene, 

Ul-m. l-vin, two to f iv. «rbon ^^ZT^ 
th.t c«. b. l.av. 6 to 20 or ■»« c.^ ^ 

:nstlt?Xldync groups) , s-(3- 



PCT/US92/08710^ 

- 10 - 

propenyDbicyclot2.2.l]heptahe (propenylnorborane, thi. 
«lefL bas 2 methylidyne groups), 3-(3^«Vl)- 
2,6,6-tri»«tbylbicyclot3.l.l]hep1ume (3.prop«iylpin«», 

this o-ole£in has 3 methylidyne groups) , 1- 
5 ethenylpentacyclo[4.2.0.6»^.6^.0^^3octaha 

Cethwleul-n.. this a-ols£ln has 7 methylidyne 
groups), i-ethenyltricyclot3.3.l.l»']decaiie 
lIthLylad.««tahs, this -olefin has 3 »ethylidyne 

silicon ,ro«ir=««tal»i»9 -°^*'*^^L^,^.,„., 4- (2- 

tM»«t.l»r-. ..g- 0 or i» inert 

B,e pol^-arixetion c» ^ ineWd., 

suitable exaaples of inert bo* 
solvent.. aliphatic, ^aromatic, and 

30 tout are not lJ»i'esa/«»» ^ 4 « Kexane. 

«elort3|»i«tio hydro<»rbon solv«*s. i.e., 
!S!n:^en., toluene, cyclope»t«». 



35 



To "^5 ,r--^ 
in «» renge of 0,1 1° 5 ^ kiloarM of umdmu. 

^ preferebl, 0.2 to 2 ,.o„a«r. 
^ oopol,«ri.«tion »^ "t;*^ ^^'i, pol,-« 
i. etten slow and remit, la V<xa yie"" 
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imereas the copolyaeriaation of a-olefins and 
aetlilidane-containing olefins goes rapidly and in 

excellent yield. ^ ^ 

use of 2H catalysts to make homopolyiners froe e- 
5 olefin »ono«ers, and copolymers from mixtures of «- 
olefin and non-conjugated polyene mcaiomers is old in 
the art and is not the subject of this invention. W 
polymerisations are sunoarized in Odian, C, 
"Principles of Polymerization", Ch. «.4 (Second 
10 Edition, J. Wiley * sons. Hew York, 1981). 

detailed discussion of the polymerization of a-olefins, 
•ee Boor, J., "Ziegler-Hatta catalysts and 
polymerizations", Ch. 19 (Academic Press, NY, 197^ 
»MR analysis of the copolymers shows the 
15 Of ethylenic-uhsaturation. Useful copolymers ^l-o 
t nJe. by hydrogenation, b^^ processes Known in the 
art. of unsaturated poly(«-ole£ins) 

dopolymers can be made from 6ne or more ^^-^^^^ 

Chain :.olSins and from 0.1 to .9 9 

—^.hviidvne group-containing e-olef ins. By 
20 or more methylidyne^gro p- _ ^ monomers, 

• .na shaar adhesive properties 

wherein the aucyx gjr» f and octadepyl, 

1000" (Sandoz Chemicals, inc., wum. 
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sttoh as tha ben^oquinones, antteaqainona and their 
aubatitutad darivativaaj thioxahthones such as 2- 
iabpropylthioxanthona and 2-dodecylthipxanthona; and 
oartain dhromophore-substitoted halomethyl-sym- 
5 txiaainas such as 2,4-biH-(trichloroBethyl)-6.(3' ,4'- 
diIllethoxyphenyl)-syln-tria^ine. Photoactiva ^ 
crosslihlcing agants that ara praf arrad bacau- (1) thay 
ara particularly af fectiva in bringing "^^f 
gelation of tha adhasiva doaposition on application of 
10 radiation, (2) o£ thair low vap«r prassura, and (3) 
thair tharwl stability, ara polyfunctional 
^ophanonas (that is, coapounds having an aliphatic, 
«:o.atic, nitroganous, silicic, and hataro atomic ^ 
Llei t; «hidh two to four hanzoyiphanoxy groups ara 
attLad) . BxsBples of such coapounds induda: 



20 




25 



^ «Wch i. hydrogen or »r. aWl 9r«* "ving.X to 



30 



18 carbon 



atoms; aund X is 



, -CO-, -MHCO-, or -CHa-; 
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O O O o 

' \ / o o 



and 



<CB,) u—NHCO-^-C-^ 



10 f / \ . /^X 

RV-Bi^Si-CB,CB,CH,-0-^O)-C-^O^ >• 

In ,mi<^ U «. alkyl group tavlng 1 to " carbon 
ato» and . 1. tho intagar 2, 3, or 4. 

0» eventration of ps^oto-ctlve croaallnXlW 

ao a,«.t that oan be ,r..ent in ""f* ^y;" *° 
t!., pr.far.bl, O.i to 2 P.rc«* by ^ ^ 

curlble oopoly.-:, and »r. pr.f«:«^y to l.S 
pueant by waigbt. prewnt invention 

.dbaaiv. v.ri»» 
25 can b. eoatad fro. «.lution .W a^ 
coating pr«»SM» "all tao<m in «>• 

roU coating, gravur. poating, ourtain^ 

invention «re in rM.g. of C^S « 
3. prafaraM, in U» ^g^.-^^ ^ 

^ no «.lvent pr.«mt, thar.W aU.in.tU* 
;^;^L»«ntal toxicity pn*!— -aocUtod with 

^tion of «.ffioient «»r,y (i-a- 

!!rL,B-Ete f res radioala »hen 
sn^mgth range) to genarEte . .^jong 

lnoid«^ i^on «» Particui« «*»*"«*^* ™ 
iL* ..laotwl for uae in th. co««.itxon. ». 
::^^rt«el«^ r««. for the ?hoto«*iv. 

^^ing agents *i-c^"" "^^^Jl^ 
«„ radi«* «»r«r in thi. praf«..4 r«.g. of 
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wavttlMigths rwiulred to caroaslink th0 adhesive £il« of 
th« inwntion is 100 to 1500 ailiijoules/ca? and more 
preferably 200 to 800 ailli joules/cm?. Details of the 
j^hotoeure process are disclosed in U.S. Patent Hos. 
5 4,181,752 and 4,329,384. Because the adhesive 
coaposition of the present invention contains a 
polymer, the pre-polymerization (i.e., the making of a 
syrup) step ^iclosed in the '752 and '384 patents is 
not required/and is omitted in photocuring the 
10 compositions of the present invention. 

The adhesive composition, without any crossliiflcing 
agent present, can also be cured using electron beam 
«B-beMO radiation. The preferred dosage required to 
crossUrilc the adhesive film of the invention is from I 
15 to 20 megrads (Mrads) , preferably from 2 to 10 Hrads. 
Details of suitable process for E-beam curing 
substrates that have been coated with adhesive 
coi.««8ition of the invention can be found in U.S. 
patent Ho. 4,533,566, which is hereby i«corporat«l 
20 herein by reference • 

Lrc«rt:, «« i«»f ".biy fro. JO to eo «.i*.t p«r«B.t, 
^^^Z^ fr^«^lY fro. SO to 70 »el,ht peroent ^ 
2S th. qel luu. b.«. correefd for solubU ^ 

t.dto£»l«g r«i~ oth« ««ditiv« » h«.i«.ft«: 

30 loin MM» f or. R cros.lli*«i polsr-er. Hhor. thv 

tertiary iy*rog«-. «t m«r« th«. o». .it. •»* 
l,«:orpar.t.d irto the pol5r«r by f<a«ng . Xl*i»9 



35 



qroup in the polymer. 

^dditi«. of ««.or»a. t«*ifylngresi~toth. 

«.*o.itlo« e« provid. . PS» h.vi.« ii,pro«- 
^^Z^l^ vi~~^*V' coatobilit,, 900* 
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heat stability, oxtA improved neel adhesion. Shear 
adhesion of the tackified compositions can be enhanced 
by radiation cure with no loss of peel adhesion. High 
internal strength of the adhesive is necessary in box 
5 sealing tapes and nasking applications in the 
automotive industry. 

Compatible tacSkifying resins useful in the 
radiation curable adhesive compositions of the 
invention include resins derived by polymerization of 
10 unsaturated hydrocarbon monomers, having five to nine 
carbon atoms, polyternenes, synthetic polyterpenes, and 
the like. Hydrocarbon tackifying resins can be 
prepared by polymerization of monomers consisting 
primarily of olefins and diolefins and include, for 
15 example, residual by-product monomers of the isoprene 
.anufacturing process. These hydrocarbon tadcifying 
resin, typically sxhibit Ball and Ring softening Points 
of from about SO-C to about 145-c; Acid Numbers of from 
about 0 to 2, and saponification values of less than 
20 one. Ewles of such commercially available res^ 
r^^sed ^ s. C olefin fr.ct.i.n of this type are Wingta^ 
95 and Wingtack- 115 (Wingtack Plus) tackifying resins 
available from Goodyear Tire and Bubber CO. Other 

h^ocarbon resins include 1078 and 

25 1126 tadcifying resins available fro. Hercules Ch«^~l 
CO. inc, Wilmington, DE; Arkon resins, sudh as A^on 
P115 tadcifying resin, available fro. J^*^ 
Chemical industries, Chicago, XL, and Escorez" resins 
available from Exxon Chemical Company. 
30 Other suitable tackifying resins include the 

terpene polymers, such as polymeric "^J^^^J* 
obtained by polymerization and/or copolymerization ot 
hydrocarbons such as the alicyclic mono «d 
bicyclic monoterpenes and their mixture.. 
35 carene, isomerized pinene, terpinene, terpent««, and 

varioul other terpen^. Commercially ^"^'"^ 
of the terpen, type include the zonarez- tj«p«« B 
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serxe. »a 7000 s«i.« t.oKlfyi»9 "-in. 

th« MUcm. Ch«io.l corp., M- . 

IkSH D465-S9) «n4 Saponif leatio" l«-b«:. of 1«- «*» 

^0 a Mil «»» Bi*>9 Soft«.i»g SolBt ^115 c, 

H»*er of on., ««» 1<-1» i. 

polymer toy wexga^. «.v«w- #115 resin are 

^l.ez- X07B res^ «a Jg^L geX content t*^ 

20 ^referred because they yieW ^ crosslinldng 
upon equivalent treatment activated 

^lotion-cored saturated polyolef in pressure- 
Tlie radiation-curea ■ . j 4- nreoared lav a 

^tiv. .ah-iv. of ti» i»»«*i<» ^ 

option.!!, »d Pro*"*^' " 



30 ^9""^ 
3) 



optioMiUy . tackifyina ' 

^l!!^ eoiipo.ition onto a wltrat., 
" °' ^^^tlL to -f .ct cro..!!-^ Of 
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the ooi^ositlpn and provide said radiation- 
cured pressure-sensitive adhesive, 
with the proviso that when the crosslinJcing is effected 
by actinic radiation there is present an effective 
5 amount of photoactive crosslinking agent. 

Minor aiBOunts of additives can also be included in 
the composition to provide adhesives for special end 
uses. Su^ additives nay include pigments, dyes, 
plastieizers, fillers, stabilizers, ultraviolet 
10 absorbers, anti-ojcidants, processing oils, and the 

like. Amount of additives used can vary from 0.1 to 50 
weight percent depending on the end use desired. 

The adhesive composition of the present invention 
can be coated onto a wide range of substrate materials, 
15 exa>«>les being polymeric supports suOh as polyethylene 
terephthalate (PET) (Dupont Chemical Co. , Wilmington, 
DE) , and biaxially oriented polypropylene (BOPP) (Toray 
Chemical Co., Ltd., Tbkyo, Japan, or Mobil Oil Co.; 
woven and non-woven fabrics, aetale and metal foils 
20 sudh as aluminum, copper, lead, gold, and the like; 
paper; glass; ceramics; and composite materials 
coiqxrised of laminates of one or more of these 
»terial8. Pressure sensitive adhesive tapes and 
transfer films are preferred articles of the invention. 
25 Another embodiment of the invention caaptlamm a 

laminated structure of at least a first and a second 
substrate such as polyethylene and polypropylone, tha 
substrates being joined by « of the adhesive 

soBDOsition of the invention. At least one of the 
30 substrates is capable of transmitting actinic or 
electron beam radiation so that the adhesive layer 
be curede 

in some applications primers may be useful for 
improving the adhesion of the adhesive to some 
35 substrates, useful primers for the practice of the 
present invention include a triblock copolymer of 
^yr«»e-«thylene/butylene-styrene graftal with .alio 
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anhydride (Kratorf* 6-1901X copolyaer. Shell Chemical 
Co.) a dwnbination of aiKWj^hous polypropylene and 
Kraton" 61901X copolyner. Release liners (such. as 
described in U.S. Patent Mos. 4,386,135, 3,957,724, and 
5 2,532,011) fom a special class of substrates on whidh 
the oaa^osition of the invention can be coated and 
subsegaently radiation cured to form adhesive transfer 
filss. 

10 T^«» Methods'. . ^ 

The test procsdures used in the examples to 
evaluate and compare the properties of the PSA 
compositions and tapes made from them are industry 
standard tests. These tests are described in detail in 
15 various publications of the American Society for 
Testing Materials (ASTM) , Philadelphia, PA and the 
pressure Sensitive Tape Council (P8TC) , Glenview, IL. 
Beferences to these standards are also given. 



The shear strength is a measure of the 
cohesiveness or internal strength of an ^^-^l ^ 
is based upon the amount of force reguired to pull an 
adhesive strip from a standard flat surf ace in a 
25 direction parallel to the surface to which has been 
affixsd with a definite pressure, it is measured in 
units Of time (minutes) reguired to pull -^^^ 
area of PSA coated sheet material from a 
steel test panel under stress of a constant, standard 

'****'The tests were conducted on adhesive coated strips 
applied to a stainless steel panel subh that a 12.7 mm 
hy 12!^ mm portion of each strip was in firm contact^ 
witi ;he pa^el with one end portion of the tape be^g 
35 fr^ The panel with coated strip attached was held in 
«L^t the coated surface of the panel forms 
l/ZlTTt 182C with ^ .-ertical tape free end whi<^ 



wo 93/11184 



PCr/US92/0B710 



- 19 - 

is then tensioned by application of a force of one 
kilogra. applied as a hanging weight from the free end 
of the ooated strip. The 2- greater than 180* is used 
to negate peel forces, thus ensuring that only the 
5 shear forces are measured in order to nore accurately 
determine the holding power of the tape being tested. 

elaxxsed for each test specimen to separate from 
the steel panel is recorded as the Shear strength. 

10 Hlirflf Failure fMOn ii«K«-r 
The time at tihidh the mass f all. i. called -Shear 

Test- and is reported as -1000+- if the tape has not 

failed after 5000 minutes. With each Shear is 

15 PP ■» ppp-o££# i»e., /5> -^"^^ 

* failure of the adhesive/steel 

,0 i. indlctiv. Of f^-^^i^ of th. 

interfacial bond as opposafl to coo.. 
T^ive juihesives of various. she«r adhesions, all 
adhesive. Jumes _ ^_^t invention (1-X.OOO 
within the range of the present; * 

av^.^ t= Obtain t.. 




3, peel •*'"^°»,i'*^"'t.irp«.l 

a pa coawa test »p«>l»«i fro. • 
It a .p.bifio an,l. «.d rat. of r-ovl. I" ^ 

■xaaplM. this f ore. m Broeodur. 
(■/*.) width of ooatod rt«t. Th. p 

35 followed is: ^ ^ ^\,iA» is aoDlieS to e 

n A test specimen 25.4 sa- ^ride %s appxi 

horisontally positioned clean glass t«rt: 
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plate. A 2.2 kg rubber roller is used to 
press a 12.7 cm length of speclaen into firm 
contact with the glass surface. 

2) The free end of the specimen is doubled baesk 
5 nearly touching itself so the angle of 

removal is 180°. The free end is attached to 
the adhesion tester scale. 

3) The glass test plate is clamped in the jaws 
of tensile testing macihine WhieSh is capable 

10 of moving the plate away from the scale at a 

constant rate of 2.3 meters per minute. 

4) The scale reading in Hewtons is recorded as 
the tape is peeled from the glass surface. 

in order to understand the benefits derived from 
the teaching of this invention, it is necessary to 
relate the improvements in shear strength and 

20 of th. P». «» vi«=o.lty Of 10 -1 

of 0.5 i/dl poly»ar wliition U fw-ntoa using a 
C«non-r«-l" #50 vl«o..t« <.v,il.ba. f«* «««« 

CO... Stot- coll.,.. ?« i» • 
oantroll- at 2S.C. «» «,l«»t ---l U ««eifi- 1« 

25 the examples. 

The^c«it gelTsttsed as an indication of cure 
level. The tapes containing tadcifying resins «e^ 
30 correct^ to the actual Percent^^^^^ "^J^"^^ ^ 
percent gel is 100 times the ^^'l^'^J^ 
mZax bass of material that is capable of forming a 

"^JZJ^r s^^^ TrJ'T"'^ 

««1 um*^.li«*«i Polyii" «re extracted before 

36 determining the gel fr».«t.ien« 
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crosslinking by actinic radiation or B-beaa 
improves the creep and shear resistance o£ pressurer 
sensitive adhesives. 

Many important properties of crosslinked pressure- 
5 sensitive adhesives '<fary with the gel content. Hence, 
determination of the gel content provides a means for 
controlling the process and thereby raising the quality 
of the tape. 

Extraction tests permit verification of the proper 
10 gel content of polyolef in PSAs and they also permit 
comparison between different crosslinked adhesives and 
their specific end uses. 

-.5 A square test specimen (3.81 cm x 3.81 cm) 

containing approximately 0.06 g Of PSA is^cut fr«« 

tape and placed in a lao-mesh stainless steel bartcet 
measuring approxi»ately 4 x 8 cm. The 
weighted to the nearest 0.1 mg and then i««rsed in a 
20 capped beaker containing sufficient toluene to cover 
^e specl»«i. After extraction for 24 to 48 hours the 
basket (containing the speclawi) i. removed, drain«l, 
a«i placed in an oven at 69«C.. The basket and^ 

specLeas are dried to a cc.nsta«t weight and gel 
25 content is detenained as follows-. 

B^ctract % - -iiC^lg ^; SUMSgaS ■ 
Ml ce«nt««t - 100 - BttMCt % 

th. ^ Of «» fiilf i« r«tn «. "f^^.^*"* 

weight of resin 
corrected gel content - 100 - percent extract 
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TWO specimens of each tape were tested and the results 
were averaged to obtain the gel content value. 

5 ^^^^f^test is used to evaluate the effectiveness of 
the adhesive for use as a wilcing tape at elevated 
tenperatures. Used in this test is an aluninua panel, 
the test surface of which has a paint ta which masking 
tapes have been adhered, e.g., an automotive 

10 basecoat/clearcoat (BC/cc) acrylic enamel paint «y.t«a 
or the automotive 50J« acrylic enamel paint of Pord 

Motor Co. ^ «iABfe 

Mp« «r. .dh««l .t roo. «»P«r.t«r. to th. t«t 

IS r»W«r-oo.t- ^ r.ll«. one hour in « .ir 

tedfc «hU. hot at m M>gle ol *S'C at an 

rat. Of l.» -/.i. .cro.B half of tha p»^. 
^ eoolin, to ro», t».per.t»r., th. tap. P-X- 
,. ^th. othar half Of th. fan.1. Th. P»»X — 
«„,i„.a viwally, tor rwW-.. 



Th. folloBlng rMOtant. w. 
™tio«a to . dry, «wm fiU«l, circulating «.t« 
!!!^,l... raaetor wlPP- Btlrr« and 

3. n.7S .-.thyl-l-^t^. <'*^^^'^ 

ttaou*. rtumlna/allica to rmov. liwurltl« M tn 
dri«l o«r »ol«=alar slave.) , and 2.7 ■! »f 

" ^f J catai,^). ":r.ir 

,„ cont«.ll- W >«'*»9" •* 
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throughout the reaction period. The reaction was 
maintained at 25*C during the course of the reaction. 
Mter 3 hours of the reaction, the copolyaeriaation was 
quenched and the polymer precipitated in a large excess 
5 of methanol to extract the catalyst residues. The 
methanol solution was then decanted off of the polyner 
precipitate. The copolymer was stabilized with 0.25 
weight % irganox 1010 antioxidant (avail^able tvem Ciba 
Geigy) and dried in a vacuum oven at 70-80»C. 
10 There was obtained 320 g (65% conversion) of 

copolymer having by »« analysis 1.5 mol percent of 4- 
aethylpentene units and 98.5 mol percent of l-hexene 
units. It had an inherent viscosity (IV) of 2.0 dl/g 
at 0.5 g/dl concentration in hexane at 25-0 and a glass 
15 transition temperature (Tg) of -44oc. Ho «f 

was detected by differential scanning colorimetry (DSC) 

analysis. 

^iie proced™ f « the preparation of copoly«n: 1 
was repeated with the exception that a different 

4.4 « used f4l9 areas of l-hexene eind 74 
monomer ratio was used C4i9 gxBB«> ,4„*.4«„ ™ 

grams of 4^«thylpentene) . The copolymerization ^ 
L at 50.C for one hour. A taclcy amorphous -o^o^y^ 
25 was obtained in 50% conversion having an IV of l-^^f^ 
and a Tg of -38-C. The copolyner contained 6.2 aole 
percent of 4-«ethylpentene. 

30 Ths procedure f cor the preparation of CPP^ 1 

was rested with the exception that 150 g l.oct«« and 
r ,Tcf 4-^ethyipenten. wo., ^^.d. ^J^^^ 
copolymer was obtained in 60% conversion ^J' 
Of 2.rdl/g, a Tg of .59.C, and 1.7 mole percent of 4- 
35 methylpentene. 



20 
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^^p.»^«fcton of copolvateiLA 

The procedure for the preparation of cqpolyner 1 
was repeated with the aceeption that 1-decene and 4- 
»ethyl-l-pentene were used (150 g of 1-decene and 10 g 
5 of 4-«ethylpentene) . A tadlcy amorphous copolyner was 
obtained in 65% conversion having an IV of 1.9 dl/g. 
The copolymer contained 3.0 «61e percent of 4- 
nethylpentene. 

solutions In toluene of e»e* et eopolyiiere 1, i. 
3, ana 4 (r»U.tea and un»i^t«l) , O.IS or 1.0 «el«bt 
-tremet ot photooroseliaklng .g«>t ben8opl»non. (B) , 

i,o«- or.«llnl»r (. —Witit-t- l«nz<*b«»«.) 
„ ,s,. 2,Uu<triaaoro.»tl«ri)-«-<>.«-'»i«**»««*««'»- 

coeter, <»,to 2S -i=r<».t« (^) polyetl^le". 

20 tolu«» to provWe «. .ihMiv. «*ti»9 

thlclcneis Of el»ut 37.S ^. «» ooatin*. "ff^ 
the pl.otooro..li«iang .WU* »qPO^ . 

;,..i.ct«irtie. Of .«* Of the ^.ive coeting. «» 

I ^ that un«ai.t«» ooi»o.itio». of th. 
were not gelle* and the .4h»lv. in t.P~^ 
uain, th» failed t» -P""^"*- "T^J^ 
SIJ l«.diat*d. however, «« ^'^^'"' '^ 
30 3« to 80* dep«Kllng on the particular oopol,»«:. th. 

o*os.li».in9 «9ent an« the '^J^^f^ ^ 

irradiat«l tapes pr.p.r«l fro. th» Pop|»d off «- 

not split. 
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10 



Solutions of eacSh Copolynwr l, 2, 3, «id 4 wioi 
0.15 or 1.0 weight percent of the photocroeeliriking 
agents B, S, I. end T and 25 weight percent of 
Kegalress 1126 tacdcif ier were prepared in toluene, 
coated, dried, and exposed to OV, under nitrogen for 
the dose shown as described for copolymers 1-4. The 
characteristics of each adhesive obtained is given in 
TABLE II. 

TABLE II Shows that irrediated adhesive 
compositions of the invention contain^ Regalrer- 1078 
taekifier had increased shear and peel^dhesion. 



15 coatings prepared in previous examples were 

«e««lned according to the Panel Test 
previously and the results are detailed in T*K* III- 

..^I^ III shows -^3t ^asi:i^ tapes prepared using 

the non-tadcified adhesive con««sition. (»». 33-42 
20 and the tackified adh«iive co»po.ition. (Ex.. 43-45) 
i«ft little, if any, residue in panel tests when 
i:::^!^ "ith gr^llter th«. 450 ^,c^ of ^ radiation. 
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20 
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T 20a 



1AB&B XZZ 
Vaael Seats 



% Residue left on 
BC/CC panel after 
60 min. at 



% Residue left on 
50J panel after 
60 Bin. at 



121»C 



150»C I 121»C 



150»C 



iqo_ 

5_ 
_0_ 
10_0_ 
_0, 

*5- 

0_ 
75_ 
S_ 
100 
10. 
2 



100 
10. 

100, 
j_ 
iqo_ 

V 

J2- 
100 

10 
so. 



100 
io_ 
_o_ 
ioo_ 
_o_ 
100^ 
2. 

90_ 
_0_ 
100 
10_ 
0 



100 
10_ 
_0_ 
10_0, 

_l, 

100 
10_ 
_0_ 
100 
10 
100 
2£ 
5 



eacposed to 450 



2a is same as 2 except thAt it was 

25 fflJ/cB? _ . . gjjpoeed to 1200 

7a is sane as 7 except that it was expo 



12a is sa.e as 12 except that it was exposed to 

1200 -J/ctf ^ ^ ^ to 

30 20a is sane as 20 ©jwep^ 

1200 bJ/cb? 
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stlrred solution for one hour, 0.15 9 of TiCl, was 
added. iSie reaction mixtujre was allonad to r«M:t und«r 

these conditions until a slight but significant 
i««ease in viscosity «« visually observed (about 45 

^ ethylene ga^ introduced to, the reaction 

vessel atmosphere. After 2 hours ethylene was babbled 
through the reaction mixture for 3 additional hour, 
before quenching with »eth«iol. The product was a 

10 pressure-sensitive adhesive containing 5 »ole % of 

'***''^*capoly»er solution was blended with 15 weight 
percent Arium P115 and 1% by weight *>«;'«»f 
Tctoinitiator and ^ ^ 

- ^^rTve^n^^ir^ Of 3.H,d.^^^::^^ 

^^gth Of 1320 min as co«P.red 
the sa»e composition having a peel streng« 
and shear strength of 32 minutes. 

various modification, and ^^^^^^ ^I^^^^^ 
invention will becoms, appar^ ^Lr^d^irit of this 
art without departing from the scope ana sp 

„ i««»ti«» i. not t. "--f z^*^^^*^' 
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He elain: 



1.* A curable composition for providing a hot 
Mlt adhasive, or a presBture-aenaitive adhesive having 
3 peel adhesion of 35 H/d« or w>rc and cohesive stability 
at elevated tenperatures comprising: 
a) at least one copolyner of 

1) 90.1 to 99.9 mole percent of one or acre 
straight chain e-olef ins having 2 to 32 
carbon atoas of nhicih at least 70% have 
6 to 10 carbon atoaSf and 

2) 9.9 to 0.1 »ole percent of one or »ore 
«-olef ins having 6 to 20 or »ore carbon 
atoms including at least one methylidyne 
group (a one carbon-containing group 
having a hydrogen atom on a tertiary 
carbon atom) present in a branched or 

cyclic group of carbon atomsj and 
b) optionally, sufficient photoactive 
crosslinking agent to crosslii* the 
Ponposition uppn exposure to actinic • 
radiation; 

c, optionally, more than "^^^^ 
parts by ^ight of tadkifySiig resin per 100 

25 parts of polymer? and 

a) optionally, an effective amount Of at least 

one additive selected from the group 
consisting of at least one f 
plasticizer, filler, stabilizer, ^^^^^^ 
absorber, anti-oxidant, and procesaiiig oil. 

, The curable composition of claim 1 Wherein 
the. copolymer has the general formula: 

35 ^-CHf£^a-CHH-*«^":*« 



20 



30 

2. 



(CH,) 



R 
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5 



10 



herein 

R is hydrogan or a lower alley I group; 
. is a ««novalent organic group that is free of 
•thylenio-unsaturation and contains at least 

one mettxylidyne group, -CH, having 4 to 30 

carbon atoM, optionally containing an oxygen 
or silicon atom that is catenated between 

carbon a1:dim8, 
a is an integer having a value of 3 to 7, 

V, y.^anH^^i nuinbers designating the 
**' ' »olar amounts of moncer units <-^^'^J^ 
backbone chain of the copolymer the s«« of 
(X + y + z) being ab«it 35 to 400,000; z 
being 1 to 15% of the (X + y + «> ' 

^ ..Ml #v + v + z) , and x 
toeing 0 to 50% of the sun (x + Y + 

toeing 70 to 99% cf the su« (x + y + «) • 
3. The copolymer according to claim 2 vharein R» 
Sias the structure 

Q 

eon.Uti»9 of « «yx«» 9"-* ""'^ ' *° " 

caarbon stoaSf sxt^ 



20 



30 



35 



-ii- 

40 



wo 93/11184 



PCr/lJS92/«»710 



- .-32 

in whlofa MCh R* is IndapandMitly a loirar 
alJcyl group o£ 1 to 4 oarbon atoses or 1^; and 
^ is a aethylidyna group-containing groi9 
having the structural fomttla: 

10 in whidh eadh is independentiy an alkyl 

group having 1 to 4 carbon atoms or both l^s 
together provide an aUcylene group forming 
with the methylidyns group to «liich it is 
attached a or 6-membered ring of. carbon 

15 atoms, with the proviso that %ihen Q is 

arylene, 1^ can also be methyl or ethyl and b 
can be zero. 

4. The composition according to claims 1 to 3 
20 %»herein said copolymer Ibias at least one of : 

a) a" Tg in the range o£ -70 to 0*C, 

b) an inherent viscosity in the range of 

0«.« t© eiMf aw* 

c) a xaumber average molecular weight in the 
25 range of 5,000 to 50,000,000. 

5. The E-beam or actinic radiation cured 
coa^osition according to claims 1 to 4. 

30 6. An article comprising a layer of the cured 

composition of claim 5 on at least one surface of at 
least one substrate. 

7. The article according to claim 6 wherein said 
35 eubstrite is selected from the group consisting of a 
polymeric layer, a fabric, a metal, paper, glass, 
ceramic, and a laminate of these materials. 
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3. The article aceordiag to elaiais 6 or 7 lAidb 
is a tape, a laminated structure, or an adhesive 
transfer fila. 

5 9. «ie tape according to claim 8 wherein said 

cured condition comprises the reaction product of 
ethylene, 1-hexene, and 4-nethylpentene-l. 

10. A method of preparing a radiation-cured 
10 saturated polyolef in pressure-sensitive adhesive 

coB^rising the steps of: 

a) providing a curable coaposition co^ising a 
copolymer according to claims l to 5, and an effective 
amount of a photoactive crosslinJcing agent, 

b) coating the coaposition onto a substrate, 

c) exposing the coated coaposition to actinic or 
E-beaa radiation to effect crbsslirilcing of 
the coaposition and provide said radiation- 
cured pressure-sensitive adhesive, 

with the proviso that when the crossliiflcing is effected 

actinic radiation there .is present an effective 
WDOunt of photoactix'e crossliriking ag«it. 
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